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DISPLAY DEVICE AND LIGHT ADJUSTING
METHOD THEREOFK

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a display device and a light
adjusting method thereof.

2. Description of Related Art

A conventional projection type display device can have the
tollowing problems. Because of leaked light or stray light that
occurs 1n several optical elements constituting an optical sys-
tem, suilicient contrast 1s not obtained. That 1s, the display-
able brightness range (dynamic range) 1s narrow, and image
quality 1s inferior as compared to an existing image monitor
using a cathode ray tube (hereinafter, referred to as CRT).
Although quality improvement of an image 1s sought by
various 1mage signal processes, it 1s 1mpossible to exhibit
suificient effects because of a fixed dynamic range.

As a solution for the problems associated with such a
projection type display device, namely, a method of expand-
ing the dynamic range, it can be considered to change the flux
of a light component incident to the light modulating means
(light valve) according to an 1mage signal. The most conve-
nient method for realizing 1t 1s to change the light output
intensity of a lamp. A method of eflecting control of the
output light component of a metal halide lamp 1n the projec-
tion type liquid crystal display device 1s disclosed, for
example, 1n Japanese Unexamined Patent Application Publi-
cation No. 3-179886. Further, because light emitting spectral
variations by which output variation 1s accompanied 1n the
white light source occurs, effecting the display by correcting
it has been proposed, for example, 1n Japanese Unexamined

Patent Application Publication No. 11-296127.

SUMMARY OF THE INVENTION

However, although a technique described 1n the Japanese
Unexamined Patent Application Publication No. 11-296127
1s employed, light emitting spectral variation of a white light
source 1s complicated and a large sized correcting circuit 1s
required. Further, 1n cases in which there 1s deflection 1n color
distribution of a displayed image, efficient light adjustment 1n
a white light source cannot be carried out, and then effects by
light adjustment cannot be suificiently obtained.

It 1s an object of the mvention to provide a display device
and a light adjusting method thereot capable of efiectively
carrying out light adjustment by the output control of light
sources and, preferably, of light adjustment depending on the
color distribution of a displayed 1mage.

A display device of the invention that 1s capable of adjust-
ing a displayed image by changing the illuminating light flux,
1s characterized in that it can include a plurality of light
sources having light emitting diodes, image analyzing device
for outputting a light control signal for controlling the output
of each of the light sources based on an image signal of the
displayed image, and light control device for controlling the
output of each of the light sources based on the light control
signals.

According to the display device, 1 order to carry out a
display by changing the illuminating light flux, a light control
signal 1s set based on the 1image signal mputted to the 1mage
analyzing device, and the output of the light emitting diode
clement 1s controlled by the light control device based on the
light control signal so that the light emitting amount is
changed, thereby carrying out accurate light adjustment with
good control. Further, because excellent temporal controlla-
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2

bility 1s possible by a high speed response of the light emitting
diode element, the device can be very suitably employed as a
projection type display device of a color sequential manner
for carrying out a display by modulating time-divisionally
different colored light components.

Further, 1t 1s possible to provide a projection type display
device with high reliability 1n a sitmplified construction, since
it 1s unnecessary to consider reliability or durability such as
deterioration of the light adjusting element due to light irra-
diation or deterioration of a mechanical structure of the shut-
ter, as 1n the case of carrying out light adjustment by blocking
light from the light source using a liquid crystal light adjust-
ment element, a mechanical shutter or the like.

The display device of the invention may have a construc-
tion 1n which the image analyzing device outputs the light
control signal based on the average of the image signal input-
ted 1n a predetermined period. By calculating the image pro-
cessing parameter using this average value as a feature, 1t 1s
possible to carry out light adjustment without losing the
atmosphere of the image viewed by an observer.

The display device of the present invention may have a
configuration 1 which the image analyzing device outputs
the light control signal based on the maximum of the image
signal inputted 1n a predetermined period. Because the maxi-
mum value of luminance can be shared with an expansion
coellicient (expansion parameter), it 1s possible to simplity
the construction of the 1image analyzing device and 1t 1s pos-
sible to lower the cost. In addition, there 1s an advantage that,
since an image area where gray tone collapse occurs due to
the expansion process can be suppressed to a minimum, 1t 18
possible to obtain a display faithful to an mputted 1mage
signal.

The display device of the invention may have a construc-
tion in which the image analyzing device outputs the light
control signal based on the luminance distribution of the
image signal mputted 1n a predetermined period. By setting
the light control signal based on a luminance distribution, 1t 1s
possible to set an 1mage processing parameter with more a
carefully considered display area while avoiding an unex-
pected data, such as a noise, and to effectively suppress a
flickering screen due to light adjustment.

The display device of the invention may have a construc-
tion 1n which the signal resolution (bit width) of the light
control signal mputted to the light control device 1s made
different according to the relative luminous efficiency of a
colored light component outputted from the plurality of light
sources. It 1s possible to carry out effective light adjustment
with respect to a user by adopting such a configuration.

Further, 1t 1s preferable that the display device of the inven-
tion may have a construction in which the signal resolution of
the light control signal corresponding to a green colored light
component of colored light components outputted from the
light sources 1s larger than that of the light control signal
corresponding to other colored light components.

The signal resolution of the light control signal becomes
higher with respect to the light source for outputting the green
colored light component with a human’s high relative lumi-
nous etliciency, and output control 1s carried out more finely,
resulting in 1mprovement 1n substantial gray scale display to
the observer. In other words, because 1t 1s possible to allow an
observer to recognize fine control on different colors by car-
rying out fine control on a color with a high relative luminous
eificiency in which an observer sensibly recognizes a varia-
tion in luminance or chroma, 1t 1s possible to simplify the
construction of the drive circuit as compared to a case of
improving the signal resolution of the light control signal
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corresponding to three colors, and to realize a projection type
display device with excellent gray scale display at a low cost.

The display device of the invention may have a construc-
tion including the output balance correcting means for
executing a signal correcting process on the image control
signal in order to correct the white balance of the displayed
image. With this construction, 1t 1s possible to provide a
display device 1n which white balance variation of the dis-
played image due to light adjustment can be prevented effec-
tively, and a high definition displayed 1image can be obtained.

Further, the display device of the mvention may have a
construction in which the output balance correcting means
comprises a lookup table including output property informa-
tion of each of the light sources. With this construction, it 1s
possible to provide a display device in which correction of the
output balance can be carried out flexibly and rapidly using
the lookup table, and a high quality image can be obtained.

Next, the display device of the invention, which 1s capable
of adjusting a displayed image by changing the 1lluminating
light flux, can be characterized 1n that 1t includes a plurality of
light sources having light emitting diodes and capable of
outputting different colored light components, a light modu-
lating device disposed correspondingly to each of the light
sources for modulating each of the colored light components,
an 1mage analyzing device for outputting a plurality of light
control signals for controlling the output of each of the light
sources based on a color signal corresponding to each of the
colored light components included 1n the 1mage signal of the
displayed image, and a light control device for controlling the
output of each of the light sources based on the light control
signals.

According to this display device, in order to carry out a
display by changing the illuminating light flux, the output of
the light emitting diode element 1s controlled by a light con-
trol signal based on the mnputted image signal, the light emait-
ting amount thereof 1s changed, and the light control signal 1s
independently set for each color signal, so that accurate light
adjustment 1s carried out easily. In addition, even 1n cases 1n
which there 1s deflection 1n color distribution of the displayed
1mage, it 1s possible to carry out light adjustment very etiec-
tively. Needless to say, exallent temporal controllability 1s
also possible by the high-speed response of the light emitting
diode element, and 1t 1s possible to always obtain an improve-
ment effect of reliability dependent on an unnecessary light-
adjusting element such as a shutter.

The display device of the invention may have a construc-
tion 1n which the image analyzing device outputs each of the
light control signals based on the average of each of the color
image signals inputted in a predetermined period. By calcu-
lating the 1image processing parameter using this average, it s
possible to carry out light adjustment with the impression of
the original 1mage.

The display device of the invention may have a construc-
tion 1n which the image analyzing device outputs each of the
light control signals based on the maximum of each of the
color image signals iputted 1n a predetermined period.
Because the maximum value of luminance can be shared with
an expansion coetlicient (expansion parameter), 1t 1s possible
to simplily the construction of the image analyzing device
and 1t 1s possible to lower the cost. Further, there 1s an advan-
tage 1n that, since an 1mage area where gradient 1s saturated
due to the expansion process can be suppressed to a mini-
mum, 1t 1s possible to obtain a display faithiul to an mputted
image signal.

The display device of the invention may have a construc-
tion 1n which the image analyzing device outputs each of the
light control signals based on the luminance distribution of
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4

cach of the color signals inputted i a predetermined period.
By setting the light control signal based on a luminance
distribution, 1t 1s possible to set an 1mage processing param-
cter with a more carefully considered display area while
avoiding an unexpected data portion such as a noise, and to
cifectively suppress a flickering screen due to light adjust-
ment.

The display device of the invention may have a construc-
tion 1n which the image analyzing device sets each of the light
control signals using a different value for each of the color
signals. By allowing the feature for setting the light control
signal to be changed for each color signal as described above,
it 1s possible to set a light control signal more flexibly and
properly, thereby promoting improved image quality with
light adjustment.

The display device of the invention may have a construc-
tion 1n which the image analyzing device 1s able to output an
image control signal for modulating the image signal, and the
device can include 1mage processing device for modulating
the image signal of the displayed image based on the image
control signal. With this construction, since the display 1is
carried out by effecting an 1mage process based on image
analysis by the image analyzing device, 1t 1s possible to obtain
a high quality display suitable for the light adjustment dis-
play. Further, since image processing 1s possible for darken-
ing a black display portion by offset processing, effects by the
light adjustment display 1s further promoted, thereby promot-
ing high quality.

Next, a light adjusting method of a display device capable
of adjusting a displayed image by changing the 1lluminating
light flux 1s characterized 1n that it includes, 1n order to control
the fluxes of light components 1rradiated from a plurality of
light sources having light emitting diodes to light modulating
device, an 1image analyzing step of outputting a light control
signal for controlling the output of each of the light sources
based on the image signal of the displaying image, and a light
control step of controlling the output of each of the light
sources based on the light control signals. With this light
adjusting method, since the light control 51gnal based on the
inputted 1mage signal 1s outputted in the image analyzing
step, and the output of the light emitting diode element 1s
controlled in the subsequent light control step so that the light
emitting intensity thereof'1s changed, 1t 1s possible to carry out
accurate light adjustment easily, and also to perform high
speed light adjustment due to the high speed response of the
light emitting diode element.

It 1s preferable that 1n the light adjusting method of the
invention, the image analyzing step outputs the light control
signal with different signal resolutions according to the rela-
tive luminous etficiency of a colored light component output-
ted from the light source. By allowing a change of signal
resolution of the light control signal according to a human’s
relative luminous efliciency as described above, 1t 1s possible
to realize improvement, and to obtain an excellent display
image quality in practical at a low cost.

It 1s preferable 1n the light adjusting method of the inven-
tion to adjust the white balance of the displayed image by
adjusting the output balance of each light source when the
output of the light source 1s controlled 1n the light control step.
With this method, color tone variation upon light adjustment
due to the output property of the light source can be prevented
cifectively, thereby obtaining a high quality light adjustment
display.

Next, a light adjusting method of a display device of the
invention, which 1s capable of adjusting a displayed image by
changing the 1lluminating light flux, can be characterized 1n
that 1t includes, 1n order to the control tlux of a light compo-
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nent irradiated from a plurality of light sources having light
emitting diodes for emitting different colored light compo-
nents to light modulating means disposed correspondingly to
the plurality of light sources, an color analyzing step of out-
putting a light control signal for controlling the output of each
of the light sources based on a color signal corresponding to
cach colored light component included 1n the color signal of
the displayed image, and a light control step of controlling the
output of each of the light sources based on the light control
signals.

With this method, since the light control signal based on the
inputted 1mage signal 1s outputted in the image analyzing
step, and the output of the light emitting diode element 1s
controlled 1n the subsequent light control step so that the . 1ght
emitting amount thereof 1s changed, 1t 1s possible to eflect
accurate light adjustment easily, and also, since the light
control signal for controlling the output of the light source 1s
set based on analysis for each 1mage signal, it 1s possible to
carry out light adjustment very efliciently even though there 1s
deflection 1n color distribution of the displayed image.

In the light adjusting method of the present invention, the
light control signal can be set based on different values for
cach of the color signals upon setting the light control signal
in the 1image-analyzing step.

By applying the different value for setting the light control
signal for each image signal as described above, it 1s possible
to set the light control signal more flexibly and properly, and
to promote 1mage quality improvement of the displayed
image upon light adjustment.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1mnvention will be described with reference to the
accompanying drawings, wherein like numerals reference
like elements, and wherein:

FIG. 1 1s a schematic configuration diagram of a projection
type display device of a first embodiment;

FI1G. 2 1s an exemplary block diagram of a drive circuit of
the projection type display device as shown 1n FIG. 1;

FI1G. 3 1s an exemplary block diagram of an 1image-analyz-
ing portion;

FIG. 4 1s an example of a histogram according to the first
embodiment;

FIG. 5 1s an exemplary block diagram of an image-process-
ing portion;

FIG. 6 1s an example of another construction of the projec-
tion type display device according to the first embodiment;

FIG. 7 1s an exemplary block diagram of a drive circuit
according to a second embodiment;

FIG. 8 1s an exemplary block diagram of an 1image-analyz-
ing portion; and

FI1G. 9 1s an example of a histogram according to the second
embodiment.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

Hereinafter, embodiments of the 1nvention will be
described with reference to the accompanying drawings.

FI1G. 11s a schematic configuration diagram of a projection
type display device, which 1s a first embodiment of a display
device according to the mvention. A projection type display
device 30, shown in FIG. 1, comprises light sources 2R, 2G
and 2B, each capable of emitting different colored light com-
ponent, liquid crystal light valves (light modulating means)
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22 to 24, a dichroic prism 25, and a projection system 26. A
reference numeral 27 1s a screen on which an 1mage 1s pro-
jected and displayed.

The light source 2R 1s composed of a lamp 7R for emitting,
a red colored light component LR, and aretlector 8 for reflect-
ing the light of the lamp 7R. The light source 2G 1s composed
of a lamp 7G for emitting a green colored light component
.G, and a reflector 8 for reflecting the light of the lamp 7G.
The light source 2B 1s composed of a lamp 7B for emitting a
blue colored light component LB, and a reflector 8 for reflect-
ing the light of the lamp 7B. The lamps 7R, 7G and 7B can
include an LED (light emitting diode) element that emits each
ol the colored light components.

The light sources 2R, 2G and 2B are disposed correspond-
ingly to the liquid crystal light valves (light modulating
means) 22, 23 and 24.

The red colored light component LR emitted from the light
source 2R 1s incident to the liquid crystal light valve 22 for the
red colored light component, where it 1s modulated. The
green colored light component LG emitted from the light
source 2G 1s incident to the liquid crystal 11 ght valve 23 forthe
green colored light component, where it 1s modulated. The
blue colored light component LB emitted from the light
source 2B 1s incident to the liquid crystal light valve 24 for the
blue colored light component, where 1t 1s modulated.

Three colored light components modulated by respective
liquad crystal light valves 22, 23 and 24 are incident to the
cross dichroic prism 25, where the three colored light com-
ponents are mixed to form a light component representing a
color image. The mixed light component 1s projected onto the
screen 27 by a projection system 26 composed of projection
lens or the like, so that an enlarged 1image 1s projected.

An 1mage processing unit (not shown in FIG. 1) for carry-
ing out a predetermined 1mage process on each colored light
component 1s connected to each of the liquid crystal light
valves 22 to 24, and the image signal subject to the predeter-
mined image process 1n the image processing unit 1s supplied
via a light valve driver to each of the liquid crystal light valves
22 to 24. Further, an 1image analyzing umt (not shown) is
connected via a light control driver to each of the light sources
2R, 2G and 2B, and 1s adapted to control the output of each of
the light sources 2R, 2G and 2B based on the analysis of the

image signal by the 1image analyzing unit.

The projection type display device according to the present
embodiment carries out an 1mage display based on the image
process 1n the 1mage processing unit and the output control
(light adjustment) of the light source by the 1image analyzing
unit and the light control driver.

Next, a light adjusting method applied to the projection
type display device of the present embodiment will be
described. FIG. 2 1s a block diagram representing a drive
circuit of the projection type display device as shown 1n FIG.

1.

First of all, an image signal 1s inputted to an 1mage pro-
cessing unit (1mage processing means) 31 and an 1image ana-
lyzing unit (image analyzing means) 34. The image analyzing
umt 34 calculates an 1image processing parameter such as an
expansion coelficient and an off;

set value by performing an
analysis of the image signal, and supplies 1t as an 1mage
control signal to the 1mage processing unit 31. The image
processing unit 31 performs a predetermined 1mage process
on the image signal based on the received image control
signal, and then, mputs it to the light valve drivers 12 to 14.
The light valve drivers 12 to 14 controls the liquid crystal light
valves 22 to 24 for each colored light component based on the
received 1mage signal.
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Further, the 1mage analyzing unit 34 controls light control

drivers 15 and 16 based on the light control signal. These light
control drivers 15 to 17 control respective corresponding light
sources 2R, 2G and 2B, and control outputs of the respective
light sources to change the amount of light component irra-
diated to liqud crystal light valves 22 to 24. Here, the light
flux 1s the light flux for about one unit of time, and as a method
for changing the light flux, there are, for example, a method
for continuously emitting the light component by changing
the light emitting intensity, a method for changing the light
emitting period 1 which the intensity i1s constant, and a
method for changing both the light emitting intensity and the
light emitting period.
In other words, the projection type display device of the
present embodiment analyzes the displayed image by means
of the 1image analyzing unit 34, changes the flux of the light
component irradiated from the light source, and keeps the
overall image luminance with a predetermined 1image process
(expansion process) by the image processing unmit 31, so that
a dynamic range of the liquid crystal light valve 1s fully used
to effect a display, thereby realizing smooth rich tone. Fur-
ther, because a black level (zero signal level ) can be darkened
by reduced light flux, it 1s possible to obtain a high contrast
image darkened.

The 1image analyzing unit 34, as shown in an exemplary
block diagram 1n FIG. 3, can include a histogram-producing,
unit 36 and a histogram-analyzing unit 37. The histogram-
producing unit 36 produces a histogram (frequency distribu-
tion for occurrence) for gray scale level, as shown 1n FIG. 4,
from 1mage data of the image signal inputted in a predeter-
mined period (e.g., one frame). In FIG. 4, a horizontal axis
indicates a gray scale level and a longitudinal axis indicates
the number of pixels.

The produced histogram 1s supplied to the histogram-ana-
lyzing unit 37, and this histogram-analyzing unit 37 extracts
characters of the displaying image from the received histo-
gram, and calculates an expansion coellicient, an offset value
or the like, which becomes an 1image processing parameter 1n
the 1mage processing unit 31, based on this feature.

The character, which can be extracted by the histogram-
analyzing unit 37, includes the average value of, the maxi-
mum value of the luminance, the minimum wvalue of the
luminance, or the like. An operation of setting the image
processing parameter based on each character 1s shown in the
tollowing (1) to (3).

(1) The average of the image signal represents most simply
the brightness of the image. By an image processing param-
eter calculated using this average value, light adjustment can
be carried out keeping the impression of the image. Further,
because the average of the image signal can be obtained
without producing a histogram, 1t 1s advantageous to simplify
the construction of the image-analyzing portion 34.

Although as the average value of the luminance, the aver-
age of all pixels included 1n the 1mage signal can be adopted.,
it 1s possible to apply a method of adopting the highest aver-
age value as an 1mage processing parameter (expansion coel-
ficient) from the plural average values for each area made by
dividing the image of one frame, and comparing these aver-
age values.

(2) In the case of using a parameter that can be obtained
from the luminance distribution of the image signal as a
teature, the maximum frequency value of luminance distri-
bution, a luminance value separated by a predetermined pixel
number from maximum luminance (or a minimum lumi-
nance) or the like can be used. In the case of using these
features, 1t 1s possible to set an 1mage processing parameter
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with avoiding an unexpected data such as noise, and to effec-
tively suppress a flickering screen due to light adjustment.

(3) Using the maximum value (the minimum value) of
luminance of the image signal as the feature, since these
values can be shared with the expansion coellicient (expan-
s10n parameter), the construction of the 1mage analyzing unit
34 may be simplified, thereby realizing a low cost. Further,
there 1s an advantage 1n that, since an 1mage area, where tone
1s collapsed due to the expansion process, can be suppressed
to a minimum, 1t 1s possible to obtain a display faithful to the
inputted image signal. Further, 1t 1s advantageous to simplity
the construction of the image-analyzing portion 34 since the
maximum value and the minimum value of luminance of the
image signal can be obtained without producing a histogram.

The expansion coellicient and the offset value calculated
by the histogram-analyzing unit 37 are supplied as an 1image
control signal to the image analyzing unit 31, and the expan-
s1on coelficient 1s supplied as the light control signal to the
output correcting unit (output balance correcting means) 32.

The output correcting unit 32 has a lookup table (RGB-
LUT) for giving power-irradiation characteristic of the lamps
7R, 7G and 7B comprised in the respective light sources 2R,
2G and 2B, and 1s adapted to input the output value of the light
source determined based on the mputted expansion coelll-
cient to the lookup table, and output it by referring to the
practical output value of each of the light sources 2R, 2G and
2B. Using this configuration, it 1s possible to carry out proper
light adjustment 1n which the variation in the light emitting
flux due to the output property of the lamps 7R, 7G and 7B 1s
corrected. Further, 1t 1s possible to suppress variations in the
white balance of the projection image due to light adjustment,
and to obtain high quality displayed image.

An example of the lookup table 1s shown 1n Table 1 below.
Although this lookup table may store pre-measured output
property of the light sources 2R, 2G and 2B as an 1n1tial value,
it may measure and store the output property upon turning on
or mitiating the projection type display device. With such a
construction for updating the lookup table at any time, 1t 1s
possible to tlexibly correspond to a slight property variation
of the light sources 2R, 2G and 2B, thereby obtaining stable
image quality over a long period.

TABLE 1
INPUT OUTPUT R OUTPUT G OUTPUT B
0 16 64 14
1 17 66 16
, 18 60 20
053 053 1019 43
254 254 1021 48
055 255 1023 250

In the case of the present embodiment, as shown in Table 1,
the signal resolution of the light control signal corresponding
to the light source 2G of the green colored light component
becomes higher as compared to that of the light sources 2R
and 2B corresponding to the red colored light component and
the blue colored light component. Specifically, the light con-
trol signal corresponding to the light source 2R and the light
control signal corresponding to the light source 2B are 8 bits,
respectively, while the light control signal corresponding to
the light source 2G consists of 10 bits. Thus, the signal reso-
lution of the light control signal becomes higher with respect
to the light source 2G for outputting the green colored light
component with a human’s high relative luminous etficiency,
and the output control 1s carried out more finely, resulting 1n
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an 1mprovement in substantial gray scale display to the
observer (audience). In other words, because 1t 1s possible to
allow an observer to recognize the fine control on different
colors by carrying out fine control on a color with a high
relative luminous efliciency in which an observer sensibly
recognizes a variation in luminance or chroma (chromatic-
ity), 1t 1s possible to simplily the circuit construction of the
output correcting unit 32 as compared to a case of adopting all
signal resolution of the light control signal corresponding to
three colors to be 10 bits, and to realize a projection type
display device with excellent tone display at a low cost.

Subsequently, the light control drivers 15 to 17 control the
output of each of the light sources 2R, 2G and 2B based on
cach light control signal supplied from the output-correcting
portion 32. In the projection type display device of the present
embodiment, since the lamps 7R, 7G and 7B of the light
sources 2R, 2G and 2B are configured of light emitting
diodes, the light flux can be adjusted by the light emitting
amount of each light emitting diode element in changing the
light flux based on the light control signal. Therefore, it 1s
possible to effect proper light adjustment easily, and also to
carry out exallent temporal controllability by the high-speed
response of the light emitting diode element.

On the other hand, the image-processing portion 31 com-
prises an offset processing unit 41 and an expansion-process-
ing portion 42, as shown 1n the block diagram of FIG. 5.

The offset processing unit 41 1s adapted to independently
carry out an offset process on color signals (1.e., the R signal,
the G signal, the B signal) corresponding to colored light
components of respective light sources 2R, 2G and 2B sepa-
rated from the inputted image signal, based on the offset value
supplied from the 1image analyzing unit 34. This offset pro-
cess 1s a process lfor subtracting the ofiset value extracted
based on the histogram as shown 1n FIG. 4 from the image
signal, and unnecessary dilute black driftin the display can be
prevented by carrying out such a process. The ofiset value 1s
set to, for example, the luminance (the gray scale value) of the
darkest pixel of the image data of one frame or a predefined
luminance (gray scale value), and black 1s darkened by inten-
tionally collapsing the tone 1n an area having a luminance
darker than the set luminance, thereby obtaining display with
dark black.

The expansion processing unit 42 1s adapted to indepen-
dently carry out an expansion process on each of the color
image signals (the R signal, the G signal and the B signal)
subjected to the oflset process, based on the expansion coel-
ficient supplied from the image analyzing unit 34. This
expansion process 1s a process of expanding an amplitude of
the mputted 1image signal (color signal) to a dynamic range
width of the liquid crystal light valve, and by carrying out
such a process, display contrast can be improved using the
dynamic range of the liquid crystal light valve tully.

In addition, an R' s1gnal, a G' signal and a B' signal output-
ted from the expansion processing unit 42 are supplied to
respective corresponding light valve drivers 12 to 14, and the
liquad crystal light valves 22 to 24 are controlled by the light
valve drnivers 12 to 14, so that the respective colored light
components are modulated.

Thus, 1n the projection type display device of the present
embodiment, 1n order to carry out the display by changing the
light flux, outputs of light sources 2R, 2G and 2B comprising
the light emitting diodes as the lamps 7R, 7G and 7B are
changed by the light control signal based on the inputted
image signal, and then 1t 1s unnecessary to consider reliability
or durability such as deterioration of the light adjusting ele-
ment due to light irradiation or deterioration of a mechanical
structure of the shutter, as in the case of carrying out light
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adjustment by blocking the light from a light source using a
liquid crystal light adjustment element, a mechanical shutter
or the like, and 1t 1s possible to provide a projection type
display device with high reliability 1n a simplified construc-
tion. Further, because there 1s no light emitting spectral varia-
tion 1n the light emitting diode element by which output
variation 1s accompanied as 1n the white light source, it 1s
possible to carry out light adjustment while maintaining color
tone without using a large si1zed correcting circuit, and then 1t
1s advantageous to make the display device at a low cost.

In addition, in operation of the projection type display
device, the 1mage processing parameter supplied by the
image analyzing unit 34 may be employed as a parameter for
an 1mage signal of a subsequent frame 1n the 1mage process-
ing unit 31, and the 1image processing may be carried out 1n
real time by delaying image signal transmission to the image
processing unit 31 by the steps of the image analyzing unit 34
using a {frame memory.

Although the configuration in which light components out-
putted from the liquid crystal light valves 22 to 24 are mixed
by the dichroic prism 25, which 1s a color mixing system and
are outputted to the projection system 26 1s shown and
described 1n the embodiment, the configurations as shown 1n
FIGS. 6(a) and 6(b) may be adopted as the projection type
display device according to the present embodiment.

The projection type display device as shown in FIG. 6{a)
includes three light sources 2R, 2G and 2B 1n parallel
arrangement, liquid crystal light valves 22 to 24 disposed
correspondingly to respective light sources 2R, 2G and 2B,
and projection systems 435 to 47 arranged at one side of the
liquid crystal light valves 22 to 24. In this projection type
display device, light component modulated by the liquid crys-
tal light valves 22 to 24 1s projected on the screen 27 by three
projection systems 45 to 47, and the displayed image 1s
imaged on this screen. The light sources 2R, 2G and 2B, and
the liquid crystal light valves 22 to 24 have the same construc-
tion as that of each element as shown in FIG. 1.

Even 1n the projection type display device comprising the
above-described construction, an image processing unit (not
shown 1n FIG. 6) for carrying out a predetermined image
processing on each colored light component 1s connected to
cach of the liquid crystal light valves 22 to 24, and the image
signal subjected to the predetermined 1image processing in the
image processing unit 1s supplied to each of the liquid crystal
light valves 22 to 24 via the light valve drivers. Further, an
image analyzing unit (not shown) i1s coupled to the light
sources 2R, 2G and 2B via the light control drivers, and
controls the output of each of the light sources 2R, 2G and 2B
based on 1mage signal analysis by the 1mage analyzing unait.
In addition, by carrying out a light adjustment display to
which the above-described light adjusting method according
to the present mvention 1s applied, 1t 1s possible to realize rich
tone display by enlarging the substantial dynamic range, as in
the projection type display device according to the aforemen-
tioned embodiment.

On the other hand, the projection type display device as
shown 1n FIG. 6(b) 1s a single panel projection type display
device comprising an illumination system 120 having light
sources 121R, 121G and 121B composed of light emitting
diodes made to emit different colored light components, a
liquid crystal light valve 125, and a projection system 126.

In addition, 1n the projection type display device compris-
ing the construction, an 1image processing unit (not shown 1n
FIG. 6) for carrying out a predetermined image process on
cach colored light component 1s connected to the liquid crys-
tal light valve 125, and the image signal subjected to the
predetermined 1mage process in the 1mage processing unit 1s
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supplied to each liqud crystal light valve 125 via the light
valve driver. Further, an 1image analyzing unit (not shown) 1s
connected to the light sources 121R, 121G and 121B via the
light control drivers, and controls the output of each of the
light sources 121R, 121G and 121B based on image signal
analysis by the image analyzing unit. In addition, by carrying
out a light adjustment display to which the above-described
light adjusting method according to the present invention 1s
applied, 1t 1s possible to realize smooth gray scale display by
enlarging the substantial dynamic range, as in the projection
type display device of the atorementioned embodiment.

In the case of the projection type display device comprising
the construction as shown 1n FIG. 6(), 1t 1s possible to realize
two types of display manners of (1) a construction using the
liquid crystal light valve 125 for a monochrome display, and
(2) a construction using the liquid crystal light valve 1235 for
a color display.

(1) In the case of adopting the liquid crystal light valve 1235
tor the monochrome display, a color image 1s imaged on the
projected screen by time-sequentially emitting the light
sources 121R, 121G and 121B (e.g., for one 180th second)
and displaying a content synchronized to the light emitting

timing of each colored light on the liquid crystal light valve
125.

Since the projection type display device of the present
embodiment includes light emitting diodes as the light
sources 121R, 121G and 121B, 1t 1s possible to very easily
carry out the switching of the output of the light source
time-sequentially and also to make exallent temporal control-
lability.

(2) In the case of adopting the liquid crystal light valve 1235
tor the color display, a display 1s carried out by continuously
emitting the light sources 121R, 121G and 121B and by
irradiating a white colored light component produced by a
mixed color to the liquid crystal light valve 125.

Since the projection type display device of the present
embodiment can include light emitting diodes as the light
sources 121R, 121G and 121B, 1t 1s possible to easily carry
out the correction of white balance by independently control-
ling the output of each light source even though the white
balance 1s changed due to light adjustment.

Next, the second embodiment of the invention will be
described with reference to FIG. 7. The display device of the
present embodiment 1s a projection type display device com-
prising an optical system as in the projection type display
device of the first embodiment shown 1in FIG. 1, and a drive
circuit shown 1n FIG. 7.

FI1G. 7 1s an exemplary block diagram of a projection type
display device according to the present embodiment, and a
difference from the block diagram shown 1n FIG. 2 1s that an
image analyzing unit 44 1s disposed instead of the image
analyzing unit 34, and a plurality of light control signals from

the 1mage analyzing unit 44 1s supplied to the light control
drivers 15 to 17.

The 1mage analyzing unit 44 according to the present
embodiment can include a configuration representing its
block diagram 1n FIG. 8, and comprises histogram-producing
units 36a to 36¢ for producing each histogram based on R
signal, G signal and B signal divided from the image data of
an 1mage signal mputted 1n a predetermined period, and his-
togram-analyzing units 37a to 37¢ for analyzing each pro-
duced histogram. In addition, an expansion coellicient (image
control signal and light control signal) and an offset value
(1mage control signal) calculated by the histogram-analyzing
units 37a to 37¢ are supplied to the 1mage processing unit 31
and the light control drivers 15 to 17.
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The present embodiment 1s adapted to be divided to color
signals corresponding to the colored light components out-
putted from the light sources 2R, 2G and 2B before the image
signal 1s inputted to the histogram-producing units 36a to 36c¢,
but the signal resolution of the G signal 1s composed of 10
bits, and the signal resolution of the R signal and the B signal
1s composed of 8 bits, respectively, upon this signal division.
In addition, a histogram 1s produced for each of the color
signals iputted to the histogram-producing units 36a to 36c¢.

FIG. 9 illustrates an example of a histogram produced 1n
the image analyzing unit 44 according to the present embodi-
ment, and FIGS. 9(a) to (¢) illustrate histograms produced
from the R si1gnal, the G signal, and the B signal, respectively.
In the histogram shown 1n FIGS. 9(a) to 9(¢), a horizontal axis
indicates a gray scale level and a longitudinal axis indicates
the number of pixels.

In addition, the histogram-analyzing units 37a to 37¢ ana-
lyze the three supplied histograms, respectively, and calculate
the expansion parameters (expansion coellicients) corre-
sponding to the respective light sources 2R, 2G and 2B 1nde-
pendently. That 1s, the expansion parameter indicated by a
triangle marker 1in the horizontal axis of F1G. 9 are set for each
of the R signal, the G signal and the B signal. In FIG. 9, a case
1s shown where a gray scale level of the pixel subtracted
(counted) by a predetermined pixel number (e.g., 10%) from
a pixel of a maximum gray scale level 1s adopted as the
expansion parameter.

Subsequently, the histogram-analyzing units 37a to 37c¢
supply the expansion coellicient as a light control signal to
respective light control drivers 15 to 17. In addition, the
output of each of the light sources 2R, 2G and 2B 1s controlled
by each of the light control drivers 15 to 17.

The image analyzing method described 1n the first embodi-
ment can be applied to the histogram analysis 1 the histo-
gram-analyzing units 37a to 37¢. Further, in the case of the
present embodiment, since the histogram analysis 1s carried
out for a histogram corresponding to each color signal, 1t 1s
possible to dertve an 1image processing parameter by chang-
ing the extraction methods from the histogram for each his-
togram. By allowing the feature for setting the image process-
ing parameter to be changed for each histogram as described
above, 1t becomes possible to set the image processing param-
cter more flexibly and accurately, thereby promoting
improved 1image quality of the displayed image upon light
adjustment.

On the other hand, the 1image processing unit 31 carries out
a predetermined 1mage process on the image signal by the
ollset processing unit 41 and the expansion processing unit 42
shown 1n FIG. 5, based on the expansion coellicient and the
ollset value received from the histogram-analyzing units 37a
to 37¢. In the case of the present embodiment, because an
image control signal for each colored light component (color
signal) 1s outputted from the image analyzing units 37a to
37c, each different offset value 1s mputted to a block for
processing each color signal in the ofiset processing unit 41
shown 1 FIG. §, and also, each different expansion coelli-
cient 1s mputted to the block for processing each color signal
in the expansion processing unit 42 as well.

The modified 1image signal 1s supplied to the light valve
drivers 12 to 13, and a display corresponding to each colored
light component 1s made 1n each of the liquid crystal light
valves 22 to 24.

Thus, even 1n cases 1n which there 1s deflection 1n distribu-
tion of each colored light component as shown 1n FIG. 9, by
setting the expansion parameter for each colored light com-
ponent 1n the projection type display device of the present
embodiment mode, it 1s possible to carry out the display 1n a
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suitable dynamic range width for each colored light compo-
nent. As a result, 1t 1s possible to carry out the light adjustment
cifectively and accurately, thereby further promoting
improved image quality of the display.

In the case of the present embodiment as described above,
with respect to signal resolution (bit width) of each color
signal supplied to the histogram-producing units 364 to 36c¢,
the signal resolution of the G signal becomes higher as com-
pared to other color signals. Thus, by carrying out gray scale
control more minutely on a green colored light signal having
a human’s high relative luminous efficiency, it 1s possible to
make a rich tone display of a display visually recognized by
an observer without increasing the signal resolution of other
color signals. Thus, 1t 1s possible to make a small-si1zed circuit
of the image-analyzing portion 44 for the R signal and the B
signal. As aresult, 1t becomes a configuration advantageous to
cost reduction of the projection type display device.

Further, 1n carrying out the display by changing the light
flux even 1n the projection type display device of the present
embodiment, since the outputs of the light sources 2R, 2G and
2B comprising the light emitting diodes as the lamps 7R, 7G
and 7B are changed, 1t 1s unnecessary to consider reliability or
duration such as deterioration of the light adjustment element
due to light mrradiation and deterioration of a mechanical
structure of the shutter, and 1t 1s possible to provide a high
reliable projection type display device 1n a simplified con-
figuration, as in the case of carrying out the light adjustment
by blocking the light component from the light source by a
liquid crystal light adjustment element, mechanical shutter or

the like.

Further, since the light emitting diode element does not
have light emitting spectral variation by which output varia-
tion 1s accompanied as 1n a white colored light source, 1t 1s
possible to carry out light adjustment with maintained color
tone without using a large scale correcting circuit, and 1t 1s
advantageous to making a low cost display device.

Although the form of the display device according to the
invention has been described by way of the projection type
display device 1n the first and second embodiments, 1t should
be understood that the invention can be also applied to a direct
display device. Further, although liquid crystal light valves
are used as a light modulating device 1n the embodiment,
DMD (digital macro-mirror device) or the like may be used as
light modulating means.

What 1s claimed 1s:

1. A display device for displaying an 1mage in accordance
with an 1mage signal, comprising:
a plurality of light emitting diodes, each of which outputs
different colored light components;

an 1mage analyzing device adapted to analyze the image
signal, output a plurality of light control signals for
controlling an output of each of the light emitting diodes,
and calculate an expansion coellicient for expanding an
amplitude of the image signal;

an output correcting device adapted to correct the light
control signals 1 order to suppress variations in a white
balance of the 1image;
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a light control device adapted to recerve the corrected light
control signals and control the output of each of the light
emitting diodes based on the corrected light control sig-
nals;

an expansion processing unit adapted to expand the ampli-
tude of the 1mage signal based on the expansion coetli-
cient calculated by the image analyzing device; and

a light modulating device adapted to modulate each of the
colored light components in accordance with the image
signal, the amplitude of which has been expanded.

2. The display device according to claim 1,

the 1mage analyzing device outputting each of the light
control signals based on an average value of a luminance
of each of the color signals mputted in a predetermined
period.

3. The display device according to claim 1,

the 1image analyzing device outputting each of the light
control signals based on a maximum value of a lumi-
nance of each of the color signals mnputted 1n a predeter-
mined period.

4. The display device according to claim 1,

the 1image analyzing device outputting each of the light
control signals based on a luminance distribution of each
of the color signals mnputted 1n a predetermined period.

5. The display device according to claim 1,

the image analyzing device setting each of the light control
signals using different features for each of the color
signals.

6. The display device according to claim 1,

the 1mage analyzing device being able to output an image
control signal to modulate the image signal, and

the display device including an 1mage processing device
that modulates the image signal of the displayed image
based on the 1mage control signal.

7. An 1mage display method for displaying an image in

accordance with an 1image signal, comprising:;

providing a plurality of light emitting diodes, each of
which outputs different colored light components;

analyzing the image signal;

outputting a plurality of light control signals for controlling,
an output of each of the light emitting diodes based on
the analysis;

calculating an expansion coellicient for expanding an
amplitude of the image signal;

correcting the light control signals 1n order to suppress
variations in a white balance of the image;

controlling the output of each of the light emitting diodes
based on the corrected light control signal;

expanding the amplitude of the 1image signal based on the
expansion coelficient; and

modulating each of the colored light components 1n accor-
dance with the 1mage signal, the amplitude of which has
been expanded.

8. The light adjusting method of a display device according,

55 to claim 7,

the light control signal being set based on different features
for each of the color signals upon setting the light control
signal 1in the 1image analyzing step.
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